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DE^*€fi^B* TOOL ADAPTED TO CHANGE, 
WHILE DRILLING 


DIRECTION 
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The invention relates to a device }Va tool, adapted for 
changing the drilling direction w/le drilling with drilling 
equipment, which preferably cerises a drill string, such as 
coiled tubing, a bent sub, dulling motor and drill bit. 

During directional drilj&ng of a formation in the ground, 
e.g. in horizontal doling of a well, it. is common to use 
io drilling equipment yfchich comprises a drill string, bent sub 
and drill bit. Th/drill string may be formed of coiled 
tubing, and the Zrill bit may be hydraulically driven by the 
fluid circulating in the drill string. The drilling direction 
is changed through rotation of the bent sub, and the rotation 
is is effected L a tool which is positioned between the lower 
end of the /rill string and the bent sub. In known tools the 
rotation c/nnot be infinitely variable^b^t has to be done in 
invariabl/ anaular turns ij^be-^IgTof 15-20 degrees. This 
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means tha t fcfa a dgaAa^ng-'dfflgeefaaaB.^aanot be changed with the 
desirable accuracy. Another drawbac^of known tools is that 
the admission of the drill bit wa^tt have to be reduced to 
allow rotation of the bent sub. /he consequence of this may 
s be that the drill bit loses it/ grip in the ground formation, 
so that instead of completing/its rotation, the bent sub will 
return to its initial posi^ton. This is a condition which 
complicates and moreover delays the work of changing the 
drilling direction. / 

io The main object of thef present invention is to provide a 

device by a tool, whdfceby the rotation of the bent sub may be 
carried out in an iEftinitely variable manner. Other objects 
are that the rotat^n should take place by full admission of 
the drill bit, an/ the rotation should take place at a speed 

is which allows the Measuring equipment to provide measurement 
results which aJe in accordance with the actual rotation. 
Thereby the drilling direction could be changed without the 
drawbacks mentioned above. Moreover, the tool will be 
somewhat easiter to operate and provide greater precision 

20 during rota/ion than what has been normal. This has been 
realized t/rough the present device by a tool adapted for 
changing ftie drilling direction during drilling. The drilling 
equipment used in the drilling, preferably comprises a drill 
string, l.uch as coiled tubing, a bent sub, drill motor and 

25 drill bit. Further the tool is positioned between the drill 
string/and the bent sub, comprises housing elements connected 
to on/ another, has a passage for, among other things, fluid 
such/as drilling fluid, and may be activated for rotation of 
the /bent sub, so that the direction of drilling is changed, 
so Thtf par ticular about the invention is that the tool is 

prjLftdgcf with means , which is adapted so that the rotation 
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infinitely variable. Said means is provided in the 
through*passagS 01 ttoe-teai^and comprises a valve arranged 
to choke the passage, so tha/ the tool can be activated for 
the rotation, a piston adapted for providing the rotation 
after the through passage? has been choked, and sets of co- 
operating guides adapte/ for forced guiding of the rotation. 
The guides are formed An the wall of the through passage, or 
in the opposite wall lot the piston. Other details of the 
invention will appe/r from the dependent Claims and the 
following part of /he specification. 

Referring to the/ appended set of figures, a preferred, but 
non-limiting embodiment of the invention will be explained, 

Fig. 1 showing a schematic view of longitudinal sections 
through the tool in three typical positions, i.e. a non- 
activated position with the passage open to fluid, and 
activated Position, with the passage choked before the 
rotation has been started, and by completed rotation, 
respectiv/ 


Fig. 2 ^howing a schematic view of a longitudinal section 
20 through/ a tool in the non-activated position with the passage 
open t# fluid; 


Fig. ft showing the same schematic view as Fig. 2, but with 
the tool in the activated position with the passage for fluid 
choKed, so that the tool has been prepared for the rotation; 


25 


Fiffl. 4 showing the same schematic view as Fig. 1, but with 
tWe activated tool in an end position, by full turn during 
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Fig. 5 showiny a BCBBBBPrte wxlw uJi-a^ection in the 
transversal direction through the ratchet mechanism when the 
tool is in the positions mentioned above. 

in Figs. 2-4 the tool has beaft divided into two sections for 
reason of exposition, and UKe reference numerals have been 
distributed among the figures, so that the reference numerals 
of one figure refer to tfie same details in the other figures. 

The tool 1 is made u^of housing elements 2, 3, 4, 5 which 
are connected to one/another, and are formed with bores, so 
that the tool X win have a passage for well fluid, among 
other things. The/irill string is fixed to an upper end of 
the upper housing element 2, and the bent sub is fixed to the 
lower end of tjfe lower housing element 5. The connections 
between the h/ising elements 2, 5 # the drill string and the 
bent sub may/ for example, be threaded connections. The upper 
end of the /pper intermediate housing element 3 is fixed to 
the lower /nd of the upper housing element 2. The bore of the 
intermediate housing element 3 has such a fit that the lower 
end of tp upper housing element 2 can be inserted a distance 
into th/ intermediate housing element 3. The connection 6 
between! the housing elements 2, 3 may, for example, be a 
threaded connection, and it is made pressure-tight by means 
of a ieal 9 provided in the fit between the housing elements 
2, 3/ The lower end of the upper intermediate housing element 
as 3 i£ fixed to the upper end of the lower intermediate housing 
e^ment 4. The bore of the lower end of the upper 
i/termediate housing element 3 has such a fit that the upper 
id of the lower housing element 5 can be inserted a distance 
ito the upper intermediate housing element 3. The connection 
;a p between the housing elements 3, 4 may, for example, be a 
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I .beaded connection, and It 1U yade pressure-tight in that a 
seal 10 is placed in the fit fcfetween the housing elements 3/ 

The lower intermediate housing element 4 is rotatably 
connected to the lower homing element S. The connection 8 is 
such that rotation is on/ allowed in the negative direction, 
namely opposite the di»|fction of rotation of the bent sub, 
and may be a roller baring, for example. It has been made 
pressure-tight by mesftis of a seal 11 positioned in the fit 
between the housing/elements 4, 5. Moreover, the bore of the 
lower intermediate/housing element 4 is adapted so, that the 
lower intermediate housing element 4 will be placed 
externally on, did a distance up from, the lower end of the 
lower housing element 5. Besides, a thrust bearing is 
positioned beXeen the upper end of the bearing 8 and an 
inward shoul^r of the intermediate housing element 4 


P 

in 


As mention*!, the lower end of the upper housing element 2 
and the uf&er end of the lower intermediate housing element 4 
are inser/ed into the bore of the upper intermediate housing 
element /, and therefore the end surfaces thereof form an 
20 upper slfoulder 14 in the through passage of the tool 1, and a 
lower s/oulder 30 in an upper annular space 17, respectively. 
Furth^, the lower bousing element 5 is formed with a length, 
which/makes the lower housing element 5 extend a relatively 
long/distance into the upper intermediate housing element 3. 
25 The ibore of the upper intermediate housing element 3 moreover 
has/ such a wide fit that the upper annular space 17 is formed 
between the upper intermediate housing element 3 and the part 
16/of the lower housing element 5, which extends past the 
l<fi»«HoaMfi£L.30. 
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^he tool 1 is provided with a SCesve-stWbped-^ston 18/ which 
is positioned below the upper shoulder 14 ow the tool. The 
piston 18 has a length which allows the Rffeton 18 to extend 
from the upper shoulder 14 , past the urafer end of the lower 
housing element 5 into the upper annular space 17. The fit 
between the piston 18 and the upper^nd of the lower housing 
element 5 is made pressure-tight p means of a seal 13. The 
piston 18 is formed, correspondingly to the housing elements 
2, 3, 4, 5, with a bore, so thit the piston 18 does not block 
the passage of the tool 1. Atf its upper end, the piston 18 
has a valve arranged therey, with a valve body 21 which may 
be moved towards a valve sfeat 20, so that the valve can choke 
the passage of the tool /. The valve body 21 is connected to 
the piston 18 by means Jbf a support element 19 positioned at 
the upper end of the ^ore of the piston 18. The support 
element 19 is formed/so that fluid may pass. 


The valve is chok/d as the valve body 21 is about to be 
seated on the valve seat 20. In the present case the valve is 
choked by a pressure increase in the fluid passing through 
the tool. The i&lve mechanism comprises upper and lower valve 
body parts 22,123 which are formed to allow displacement 
along the valtfe body 21 in order to choke, or open, the 
valve. By meafts of the spring force of a valve body spring 
24, the lower valve body part 23 is retained in a first end 
position, irf which the valve is open for fluid to pass. If 
the pressu^ in the passing fluid is increased, the fluid 
will makeAhe lower valve body part 23 be displaced by the 
upper va.Ive body part 22 into a second end position in which 
the va]/e is choked, so that there will be a pressure drop in 
the fl/id passing through the valve, when the pressure of the 
fluid/is relieved, the spring force of the valve body spring 
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^ thg valve b v displacing the lower valve body 
part 23 and the upper valve body parif 22 into the first end 
position. It is obvious that the v^ve can have different 
construction from the one shown ift the set of figures, e.g. 
be formed with a fixed choking. Ahe valve body part 21 and 
the upper valve body part 22 mafy have bores, so that a cable 
placed in the passage may be /ravrn through the valve. 
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As a consequence of the pressure drop across the valve, the 
fluid which is supplied t/ the tool 1 when the valve has been 
choked, will cause the nlston 18 to be driven from a first 
end position, in which /he upper end of the piston 18 rests 
on the upper shoulder /u, into a second end position, in 
which the lower end ft the piston 18 has compressed a piston 
spring 25 positione/ in the upper annular space 17. The 
spring force of th/ compressed piston spring 25 will cause 
the piston 18 to we driven back into abutment on the upper 
shoulder 14 whenAhe valve is reopened by reduction of the 
fluid pressure. At its lower end, the piston spring 25 rests 
on a shoulder dteroent 31 located in the upper annular space 
17 above the ]Xwer shoulder 30. Between the shoulder 30 and 
the shoulder felement 31 is placed a lower thrust bearing 32, 
disc springs /33, a support element 34 which is retained in 
position by L locking mechanism 35, and an upper thrust 
bearing 35 /The locking mechanism 35 is somewhat recessed in 
the side ^11 of the part 16 of the lower housing element 5 
facing i/wards towards the upper annular space 17. 


Fluid /ill be displaced from the upper annular space 17 
durin/ rotation. When being displaced, this fluid is led to a 
loweJ annular space 36, which is formed in the passage of the 
30 tool/at the lower end of the lower housing element 5. The 
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means of a displaceable 

annular space body 37, which has b/en made pressure-tight by 

means of seals 42, 43. The annuyfr space body 37 is displaced 

down the lower annular space 3/ by fluid which is displaced 

from the upper annular . space^7, and it is displaced up the 

lower annular space 36 by t^Ke fluid in the passage after the 

valve has opened. Alternatively the upward displacement may 

take place by means of a/spring not shown, which is placed in 

the lower annular spac/ 36 below the annular space body 37. 

Channels 38, 39 provi/e passage from the upper annular space 

17 to the lower annular space 36. One of the channels 38 is 

sealed towards the /pper annular space 17 by means of a check 

m valve 40, and the ither one of the channels 39 is sealed 

2 towards the upper/annular space 17 by means of a choke valve 

G / 

|jj 15 41. Said valves Ao , 41 are placed in the lower shoulder 30. 
'i Additionally, tfoe thrust bearings 32, 36, the spring discs .33 

y> and the suppoa^ section 34 ate arranged so, that the fluid 

^ which is disdlaced during rotation, may pass. 

ill 

Q 

• # 

jg To provide forced rotation of the lower housing element 5, 

^ 20 which is donnected to the bent sub, concurrently with the 
Jy piston 18/ being displaced in the passage of the tool 1, a 

circumferential portion of the bore of the upper intermediate 
housings element 3, preferably in the region at the upper end 
of thef lower housing element 5, and a circumferential portion 
of thje piston 18, preferably along the major part of the 
length of the piston 18, are formed with guides 26, 27 such 
as fiwisted splines. Further, the piston 18 is rotatably and 
disfclaceably connected to the upper end of the lower housing 
eliment 5. This rotatable and displaceable connection may be 
farmed by ajratchet mechanism 28, arranged so that it can be 
along a number of guides 29. The guides 29 are 
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Ltioned at the upper end and on that side of the lower 
housing element 5 , "wTEfcte^aays the upper annular space 17. 
Moreover, the guides 29 pref/rably extend along large parts 
of the wall in, and preferably parallel to, the longitudinal 
direction of the upper anEfalar space 17. The catch elements 
30 of the ratchet mechan/sm will bear in a locking manner 
against the guides 29, fo that rotation of the lower housing 
element 5 in the negative direction is prevented during the 
rotation of the bent iub, but rotation is allowed in the 
opposite direction rfen the piston 18 returns after completed 
rotation. 


is 


20 


25 


The present inve/tion will allow the rotation of the bent sub 
to be infinitely variable. Through reduction of the fluid 
pressure, so ttfat the valve of the piston 18 opens the fluid 
passage, the Station may moreover be interrupted when the 
desired turn/ias been reached. By greater turns, the rotation 
takes place An that the valve of the tool 1 is choked, 
opened, choked etc. until the bent sub is in the desired 
position, the ratchet mechanism 28 connecting the piston 18 
and the ]/wer housing element 5, will help to allow the drill 
bit to bi driven by full admission. When the piston spring 25 
carries /the piston 18 back into its initial position in 
abutment on the upper shoulder 14 after the opening of the 
valve,/ the ratchet mechanism 28 and the rotatable connection 
8 will provide for the piston 18 to rotate in the opposite 
dire<ftion. At the same time the lower housing element 5 
remains stationary without rotation. It should be mentioned 
thai the ratchet mechanism 28 and the rotatable connection 8 
mayf be replaced by connections which are locked mechanically. 
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Tne displacing mechanism works in the way that tfte choke 
valve 41 opens when the tool is activated for rotation, so 
that the fluid may be displaced from the upper annular space 
17 into the lower annular space 36 through the channel 39. At 
5 the same time the annular space piston body 3 II is displaced 
down the lower annular space 36 by displaced iluid. When the 
rotation is completed, the fluid will return/ to the upper 
annular space 17 through the channel 38 as /he annular space 
body 37 is being displaced upwards in the/ower annular space 
io 36 by the fluid flowing through the tool/ By adjustment of 
the choking of the choke valve 41, the /peed of rotation of 
the tool may be controlled, so that th/ measuring equipment 
mentioned above will be able to provide measuring results, 
which , are in accordance with the act/al rotation provided by 
is the tool 1. 


The description will be concluded by a brief review of the 
W operation of the present tool, /s mentioned, Fig. 2 shows the 

ill ^ m 

Q tool 1 in a non-activated position during the drilling. The 

B valve is then open, so that i&uid circulating in the drill 

O / 

Sj 20 string can pass unobstructecjrly through the tool 1, The tool 1 
O is activated for rotation By increasing the pressure of the 

fy / 

fluid passing through the/tool 1. The increased fluid 
pressure displaces the upper valve body part 22 down along 
the valve body 21, so -bpat the lower valve body part 23 is 

25 carried into a position in abutment on the valve seat 20. 

Thereby the valve is Choked* Due to the pressure drop across 
the choked valve, tfie fluid, which is supplied to and passes 
through the tool l/after the valve has been choked, will 
displace the pistf&n 18 down the passage of the tool 1, 

30 Thereby guifeg ^T—g^r-w I I k I'uLati jjuii-oa^the piston 

18 , guided by the curvature of the guides 26, 27. During the 
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tool 1/ the catch 
28 abut, and are at the 
s 29 of the upper part 


displacement of the piston 18 down 
elements 30 of the ratchet mechc 
same time moved down along, the/guide 

of the lower housing element /, so that the lower housing 
element 5 fitted with a ben/ sub rotates to provide a change 
of the direction of drilling . The speed of rotation may, as 
earlier mentioned, be co/trolled by means of the choking of 
the choke valve 41 of We channel 39 between the annular 
spaces 17, 36. 

The rotation ends ff relief of the pressure of the fluid. 
Consequently, the/spring force of the valve body spring 24 
will exceed the /luid pressure and displace the lower valve 
body part 23 mJ along the valve body 21, so that the valve 
opens, when tWfe valve is open, the spring force of the 
compressed piston spring 25 in the annular space 17 will 
displace th/ piston 18 up the passage of the tool 1. During 
the return/iovement of the piston 18, the catch elements 30 
of the ra/:het mechanism 28 will allow rotation of the piston 
18, wher/as the lower housing element 5 remains in a 
positio/, in which the housing element 5 does not rotate. 
SimilaAy, the rotatable connection 8 between the housing 
eleme/ts 4, 5 will contribute to the same, if the ratchet 
mech/nism cannot fully manage to take care of the rotation 
ret/ming the piston IB. By major changes of direction the 
ab/re-mentioned cycle is repeated until the desired turning 
on T.„s.i-:-Dent sub has been reached. 


